. Management and 5-year outcomes in 9938 women with screen-detected ductal carcinoma in situ: the UK Sloane Project.
The title has been changed and shortened as requested -please shorten the highlights before or after the study a.o. by using telegram style
Done
-make the titles of tables and figures more informative (time and place) so that they could also be used more easily for presentations This has been done although we struggled to include time and place in the titles -for historical reasons it would be interesting to indicate in time when the DCIS problem became a relevant problem (40-50 years ago?) (I remember that this was already mentioned by pathologists in Holland in 1979 as a serious problem (born around 1905) and hopes for adequate biomarkers were uttered
Some time literature searching identified some publications in the 30s and 40s -The earliest of these has been referenced
The work of Nederend et al. upon introduction of digital mammography make clear that it needs to become worse before becoming better (hopefully) I mentioned earlier that Hazel Thornton has made a huge problem of this in the 1990's . I would appreciate if you referred to her work as well
This has been done. It seemed best suited to the discussion [ref 26]

*Revision Notes
Evidence before this study -Highlights  DCIS represents 20-25% of screen-detected breast cancer.
 Management remains controversial .
 Adjuvant radiotherapy (RT) following wide excision reduces ipsilateral recurrence but not mortality  A 2mm surgical excision margin is widely recommended  Survival following treatment of DCIS is excellent, with few subsequent deaths from breast cancer.
Added value of this study  Further DCIS or invasive breast cancer is not uncommon (6.8% at 5 years)  Breast RT was associated with reductions in ipsilateral breast events independent of width of margin of excision or size of DCIS.
 Endocrine therapy was rarely utilised.
 5 year mortality was not impacted by use of radiotherapy or endocrine therapy.
*Highlights
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Introduction
Ductal carcinoma in situ (DCIS) comprises 20-25% of screen-detected breast cancer and, like invasive breast cancer, is heterogeneous in terms of underlying biology, presentation and outcome [1] . The clinical behaviour of DCIS is unpredictable, challenging clinical decision-making.
Recently, concern regarding the over-treatment of DCIS [1] , has been fueled by large retrospective American series demonstrating excellent (>95%) long term survival 10-20 years after diagnosis although others have suggested that detection and treatment of screen-detected DCIS may prevent subsequent invasive disease. [2] [3] [4] Standard treatment for DCIS includes mastectomy or breast conserving surgery (BCS), with or without radiotherapy (RT) and/or endocrine therapy to decrease ipsilateral recurrence and/or contralateral breast carcinoma. [5] [6] [7] It remains unclear which patients benefit from these adjuvant therapies. Prospective data are lacking and the clinical significance of early detection and treatment for DCIS remains unclear. Here, we report the first analysis of recurrence and mortality from a prospective cohort study of DCIS detected through a contemporary national screening programme. Utilising diagnostic imaging, surgery, histopathology and adjuvant therapy data provided by the local breast screening unit where diagnosis was reached, along with longitudinal follow-up of patients through case note review and linkage to national databases, we describe the features and outcomes following diagnosis of screen-detected DCIS.
Methods
The United Kingdom National Health Service Breast Screening Programme (NHSBSP) invites women aged 50-70 to attend breast screening every three years (supplementary figure and text p2). The Sloane Project was established in memory of Professor John Sloane, a breast pathologist, to audit the features, patterns of care and outcomes for women with non-invasive neoplasia detected within the NHSBSP. Data capture was via radiology, pathology, surgery and radiotherapy (RT) paper proformas collected at screening unit level, sent to Public Health England, then each patient's data entered on a secure database held on an SQL server that generated an individual patient and tumour identifier. The data reported here is for women in the dataset who had DCIS Page 5 identified. For the 34 women with bilateral DCIS, the higher grade and/or larger lesion was considered the index.
Data included demographic, diagnostic, treatment and vital status. Adherence to NHSBSP guidelines and participation in the relevant quality assurance programmes were mandatory.
Participating units were required to follow a pathology protocol containing definitions for DCIS, microinvasion, cytonuclear grade, comedo necrosis and assessment of excision margins and to handle and report specimens to NHSBSP pathology standards. [8] Radiology guidelines mandated participating radiologists should complete detailed radiology proformas [9] and participate in the NHSBSP PERFORMS external quality assurance scheme. [10] Missing (unknown) data were rare for key comparisons including use of radiotherapy (0.5%), grade of DCIS (0.1%), lesion size (0.4%) or cause of death (0.1%). Events were identified by matching women by NHS number and date of birth to information provided by breast screening units, and to routinely collected UK datasets including Hospital Episode Statistics (HES), Cancer Waiting Times (CWT), the English Cancer Analysis System (CAS)/National Cancer Registration and Analysis Service (NCRAS), the English National Radiotherapy Dataset (RTDS) and the Information Services Division, Scotland (ISD). The census date was the date of death or 31 December 2012. Validation of data was undertaken by cross-checking with original screening unit source documents for those patients with recurrence and more generally, for the overall dataset, against the Association of Breast Surgery national audits 2006-2012.
Ethics Committee approval was not required for this prospective cohort study originally conducted under the NHS Cancer Screening Programme's application to the Patient Information Advisory Group (PIAG). More recently, access to patient data was approved to quality assure National Cancer Screening Programmes under the Health and Social Care Act 2006 (Section 251) via the Confidentiality Advisory Group (CAG).
Classification of recurrence & mortality
Given the difficulties in distinguishing local recurrence versus a new primary lesion in the same breast, the following terminology was used (see supplementary figure and text p 2-3). A 'breast event' was defined as (any of): ipsilateral breast recurrence (or new primary) after BCS; ipsilateral Page 6 recurrence (includes post-mastectomy/chest wall recurrence); regional or distant recurrence; or contralateral re/occurrence. (See supplementary figure and text, [p3-4] for definitions of mortality).
Statistical analyses
Logistic linear regression analysis was used to test the relationship between a binary variable and continuous or ordered categorical dependent variables. The importance of factors was determined by likelihood ratio tests that compared the full model and a reduced model with one factor removed at a time. A factor with a lower p-value from the likelihood ratio test was deemed to be more important than one with a higher p-value.
For disease recurrence, cumulative incidence plots were produced, taking account of the competing risks between recurrence and death. K-sample tests were performed to compare the groups in the cumulative incidence plots. For overall and breast cancer specific survival, Kaplan-Meier survival plots were produced; log rank tests were used to test the difference between survival curves. All time to event analyses were performed using the Cox semi-parametric proportional hazard regression. Tied times were adjusted using the Breslow's method. The proportional hazard assumption was assessed by Schoenfeld residuals test. For most analyses, the proportional hazard assumption is valid. Analyses were performed in R. Considering the high number of variables and groups within the variables, probability values lower than one in a hundred (0.01) were used to assign statistical significance. within this prospective cohort, and 33% (9938/30,187) of women with a final diagnosis of in situ breast carcinoma diagnosed through the NHSBSP.
Results
Patterns of care
Surgical treatment
Breast conservation surgery (BCS) was definitive surgery in 7007 (70%) women and was utilised more often with increasing age up to 59 years and thereafter appeared constant. Mastectomy was definitive surgery for 2931 (30%) women. The use of mastectomy was associated with DCIS of high or intermediate rather than low grade (p<0.001) and with larger lesion size (p<0.001). The use of BCS versus mastectomy was unchanged over time.
Radiotherapy
For 7007 women who had BCS, 62% also had RT; the use of RT increased over time (p<0.001).
Women aged 70 or older were less likely to have RT compared to women aged 50-70 (p=0.006).
Use of RT after BCS increased with grade of DCIS (p<0.001), DCIS size (p<0.001), the presence of microinvasion (p<0.001) and comedo necrosis (p<0.001), but not with margin width (Table 1) , confirmed by multivariable analysis (result not shown). RT was administered after mastectomy in 33 (1%) women, as previously reported. [11] 
Endocrine Therapy
Endocrine therapy was prescribed to more women following BCS (14%) than mastectomy (8%) (p<0.001). The use of endocrine therapy was not related to age and was prescribed less frequently over time (p<0.001). There was no relationship between the receipt of endocrine therapy and RT use after BCS.
Outcomes
At a median follow up of 64 months, 6.8% of women (679/9938) had a breast (DCIS or invasive) event: 451 (4.5%) were ipsilateral breast, regional or distant recurrences and 228 (2.3%)
represented a re/occurrence in the contralateral breast/nodes. Ipsilateral breast recurrence after BCS was 5.3% (368/7007); ipsilateral chest wall recurrence after mastectomy was 0.8% (24/2931).
The risk of a further breast event did not differ by year of screening. Page 8 Recurrence following BCS Following BCS, there was a greater risk of ipsilateral breast recurrence for those who did not have RT compared to those who had RT (p<0.001, HR=0.59: 95% CI0.53 -0.67) (no RT: 7.2% vs RT: 4.1%) ( Figure 2 ). There was a significantly lower risk of invasive ipsilateral breast recurrence (no RT: 3.8% vs RT: 1.9%) (p<0.001, HR=0.51: 95% CI 0.43 -0.60) but not ipsilateral DCIS recurrence (no RT:
3.3% vs RT: 2.2%) (p=0.05, HR=0.69: 95% CI =0.58 -0.82.) in women who received RT.
After BCS, the risk of developing ipsilateral breast recurrence was greater in patients with a negative or close DCIS margin (0 to <2mm: 7.4% vs ≥2mm: 4.8%; p<0.001, HR=0.67: 95% CI 0.57 -0.78), (p <0.001) whether patients received RT (p=0.011, HR=0.75: 95% CI 0.60 -0.94) or not (p<0.001, HR=0.59: 95% CI 0.47 -0.73).
RT and endocrine therapy were independently associated with a decreased risk of ipsilateral breast recurrence (RT: p<0.001, HR=0.59: 95% CI 0.52 -0.66; endocrine therapy; p=0.003, HR=0.7: 95% CI 0.55 -0.89; interaction: p=0.20).
Multivariable analyses for recurrence
By multivariable analyses, following BCS, use of RT (HR 0.38: 95% CI 0.33-0.45) and endocrine therapy (HR 0.63: 95% CI 0.50 -0.78) were each independently associated with a significantly reduced risk of breast events and ipsilateral breast recurrence (RT: HR 0.40: 95% CI 0.34 -0. 48) (endocrine therapy: HR 0.56: 95% CI 0.44 -0.72).
After adjusting for all other factors, the presence of high grade of DCIS and of comedo necrosis were significantly associated with a higher risk of breast events (excluding contralateral occurrence) (high grade -HR 1.50: 95% CI 1.14 -1.98, comedo necrosis HR 1.31: 95% CI 1.09 -1.57) and of ipsilateral breast recurrence (high grade -HR 1.40: 95% CI 1.05 -1.87); comedo necrosis -HR 1.30: (95% CI 1.07 -1.57).
Contralateral disease
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Contralateral breast cancer was seen in 218 women (2.2%);more commonly after mastectomy (81/2931; 2.8%) than after BCS (137/7007; 1.9%) (p<0.001).
Survival
Among the 9938 women, there were 321 deaths (3.2%), 46 attributed to breast cancer. There was no difference in overall (or breast cancer-related) mortality comparing BCS (3.1% [218/7007]) to mastectomy (3.5% [103/2931]).
Women treated with RT after BCS had a lower all-cause mortality (RT: 2.5% vs no RT: 4.2%; p<0.001), even when corrected for age (p<0.001, HR=0.65: 95% CI 0.49 -0.85), but not a lower breast cancer mortality (p=0.41, HR=0.73: 95% CI 0.34 -1.56) The use of endocrine therapy was not associated with overall or breast cancer specific mortality.
Women who developed an invasive breast recurrence had a significantly worse overall survival (log rank p-value <0.001) and breast cancer specific survival (log rank p-value<0.001) from the time of the further event compared with those who developed recurrent DCIS ( Figure 3) (supplementary figure 1 ).
Discussion
This study of 9938 women with DCIS detected through the UK NHSBSP confirms that recurrent DCIS or invasive cancer remains a concern following modern management of screen-detected DCIS. Both RT and endocrine therapy were associated with a reduction in further events but not with breast cancer mortality within 5 years of diagnosis. The present prospective cohort study contrasts with recent but retrospective studies of US [2, 3] and European data. [12] Unlike those series, we report prospectively collected data from the setting of an established national breast screening programme, with built in quality assurance of imaging, surgery, pathology and RT. [10, 13] An additional major strength, in contrast to other studies including the randomised clinical trials, is the prospective collection of margin status, an area of significant international controversy. In addition, available data include the use of endocrine therapy with linkage to outcomes. [2, 3] Conversely, one limitation of the present study, in keeping with the recently published retrospective series [2] [3] [4] 12] is its observational nature with the consequent difficulty in Page 10 accounting for all possible confounders. Follow up is also relatively short in the context of the long natural history of DCIS.
Breast conservation was the definitive surgery for 70.5% of women, more frequently used with increasing age. This may reflect perceptions about risk of within breast recurrence in younger patients. Whilst it is likely that RT following BCS was used in patients perceived (based on pathological and patient-related factors) to be at higher risk of recurrence, RT use was, surprisingly, not associated with close or involved circumferential resection margins. Conversely, mastectomy was, not unexpectedly, associated with features of more aggressive DCIS.
RT following BCS was associated with a significant reduction in all ipsilateral breast further events (DCIS or invasive) at a median follow up of 64 months. The association of RT with reduced recurrence risk is consistent with the effects seen in the overview of the prospective randomized trials. [14] Significantly, however, in the present study, the reduction of breast recurrence associated with RT was independent of margin of excision. Differing minimum margin widths for DCIS have been proposed [15, 16] . One recent series has suggested that a 1mm margin may be sufficient, with or without RT [17] . Others have suggested that those with margin widths <1mm may benefit from postoperative radiation therapy whilst those with >10mm margins receive no benefit with regard to recurrence. [18] However, specifically for women who did not receive RT, in this series there was an association between a DCIS margin of <2mm and ipsilateral breast recurrence. This provides direct evidence in support of more recent reviews, meta-analysis and consensus guidelines [19, 20] as well as recent studies [21] .
The higher all-cause mortality in patients not receiving RT after BCS is likely to reflect comorbidities not captured in the current study. Nevertheless, patients not receiving RT had a higher (7.2%) breast recurrence rate, confirming patient selection for RT could be improved. [22] Endocrine therapy was associated with a non-significant reduction in ipsilateral breast recurrence independent of RT, although the greatest effect was seen for the reduction of invasive further events in the absence of RT. In a contemporary analysis of the US retrospective National Cancer Data Base (70% of the US population), 36.5% of women (most commonly between 50 and 59 years of age) received adjuvant endocrine therapy for DCIS [23] compared with 12.2% in this UK-based study, and no-one in a cohort in the Netherlands [12] , reflecting the inconsistent interpretation of Page 11 evidence from trials examining the impact of endocrine therapy for DCIS on local recurrence, the associated toxicities and issues of adherence to adjuvant tamoxifen treatment.
Significantly, neither the use of RT, endocrine therapy, nor type of surgery, appeared to influence breast cancer mortality, although women who developed invasive ipsilateral breast cancer had a poorer survival than those who had DCIS recurrence. Indeed, breast cancer mortality (0.46%) was a fifth of other cause mortality, in keeping with several retrospective studies. [2. 3, 12] The increasing incidence of DCIS, likely to be sustained with the enhanced visualisation that digital mammography provides, now deployed in the UK NHS BSP, emphasises the potential for overtreatment of women diagnosed though breast screening. [1] Since digital mammography was not deployed during the time of data collection for this study, the impact of digital mammography and any influences on the data reported here remain uncertain. However, the present study findings do re-emphasise the issue of potential overtreatment of DCIS and the need to improve the selection of adjuvant therapy for women with DCIS. This requires a greater understanding of the underlying biology of DCIS, on reliable predictive and prognostic assessment, particularly to select women at risk of invasive breast cancer recurrence. Predictive models of ipsilateral breast recurrence after DCIS, and a more recent prognostic score for DCIS for RT benefit, require prospective validation if they are to be widely adopted. [24] [25] [26] [27] [28] Meanwhile, a major international initiative between the UK, Netherlands and the US, the PRECISION (PREvent ductal Carcinoma In Situ Invasive Overtreatment Now) study funded by Cancer Research UK and the Dutch Cancer Society seeks to define underlying molecular mechanisms in DCIS related to risk of progression and, together with diagnostic and clinical elements, construct risk models for the future management of patients. (http://www.cancerresearchuk.org/funding-for-researchers/how-wedeliver-research/grand-challenge-award/funded-teams-wesseling) [28] Emulating studies in prostate, thyroid and renal neoplasia, active surveillance, rather than initial surgery, for carefully selected patients with low risk DCIS has been advocated and may avoid the potential sequelae of breast surgery. Indeed, prospective randomised trials of active surveillance versus conventional surgical care, e.g. the LOw RISk DCIS (LORIS) trial in the UK, COMET in the USA and LORD in mainland Europe [29] [30] [31] seek to identify a cohort of patients with sufficiently low risk to obviate the need for surgical excision.
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Conclusions
This large prospective cohort study allows us to examine, in contemporary practice, the effects of present-day treatments, and the patient and pathological features that have previously been described in retrospective studies and randomised clinical trials. The reduction in recurrence rates seen with the use of RT and endocrine therapy has not, to date, yielded a survival benefit to patients, although other-cause mortality is five times greater than that attributable to breast cancer. Ipsilateral breast recurrence risk is, however, higher in patients treated by BCS without RT, particularly if the radial excision margin is narrow (<2mm). Women with recurrence as invasive disease have poorer survival than those with recurrent DCIS and further research targeting clinical, biological and imaging biomarkers of risk of invasive recurrence after a diagnosis of screendetected DCIS is indicated, to improve personalisation of therapy and outcomes. North Cumbria * Unit data not included in these analyses
Introduction
Although described over 80 years ago [1] ductal carcinoma in situ (DCIS) became a common management problem after the introduction of breast screening and now comprises 20-25% of screen-detected breast cancer. Like invasive breast cancer, DCIS is heterogeneous in terms of underlying biology, presentation and outcome [2] . The clinical behaviour of DCIS is unpredictable, challenging clinical decision-making. Recently, concern regarding the over-treatment of DCIS [2] , has been fueled by large retrospective American series demonstrating excellent (>95%) long term survival 10-20 years after diagnosis although others have suggested that detection and treatment of screendetected DCIS may prevent subsequent invasive disease. [3] [4] [5] Standard treatment for DCIS includes mastectomy or breast conserving surgery (BCS), with or without radiotherapy (RT) and/or endocrine therapy to decrease ipsilateral recurrence and/or contralateral breast carcinoma. [6] [7] [8] It remains unclear which patients benefit from these adjuvant therapies.
Prospective data are lacking and the clinical significance of early detection and treatment for DCIS remains unclear. Here, we report the first analysis of recurrence and mortality from a prospective cohort study of DCIS detected through a contemporary national screening programme. Utilising diagnostic imaging, surgery, histopathology and adjuvant therapy data provided by the local breast screening unit where diagnosis was reached, along with longitudinal follow-up of patients through case note review and linkage to national databases, we describe the features and outcomes following diagnosis of screen-detected DCIS.
Methods
The United Kingdom National Health Service Breast Screening Programme (NHSBSP) invites women aged 50-70 to attend breast screening every three years (supplementary figure and text p2) . The Sloane Project was established in memory of Professor John Sloane, a breast pathologist, to audit the features, patterns of care and outcomes for women with non-invasive neoplasia detected within the NHSBSP. Data capture was via radiology, pathology, surgery and radiotherapy (RT) paper proformas collected at screening unit level, sent to Public Health England, then each patient's data entered on a secure database held on an SQL server that generated an individual patient and tumour identifier.
The data reported here is for women in the dataset who had DCIS identified. For the 34 women with bilateral DCIS, the higher grade and/or larger lesion was considered the index.
Data included demographic, diagnostic, treatment and vital status. Adherence to NHSBSP guidelines and participation in the relevant quality assurance programmes were mandatory. Participating units were required to follow a pathology protocol containing definitions for DCIS, microinvasion, cytonuclear grade, comedo necrosis and assessment of excision margins and to handle and report specimens to NHSBSP pathology standards.
[9] Radiology guidelines mandated participating radiologists should complete detailed radiology proformas [10] and participate in the NHSBSP PERFORMS external quality assurance scheme. [11] Missing (unknown) data were rare for key comparisons including use of radiotherapy (0.5%), grade of 
Classification of recurrence & mortality
Given the difficulties in distinguishing local recurrence versus a new primary lesion in the same breast, the following terminology was used (see supplementary figure and text p 2-3) . A 'breast event' was defined as (any of): ipsilateral breast recurrence (or new primary) after BCS; ipsilateral recurrence (includes post-mastectomy/chest wall recurrence); regional or distant recurrence; or contralateral re/occurrence. (See supplementary figure and text, [p3-4 ] for definitions of mortality).
Statistical analyses
For disease recurrence, cumulative incidence plots were produced, taking account of the competing risks between recurrence and death. K-sample tests were performed to compare the groups in the cumulative incidence plots. For overall and breast cancer specific survival, Kaplan-Meier survival plots were produced; log rank tests were used to test the difference between survival curves. All time to event analyses were performed using the Cox semi-parametric proportional hazard regression. Tied times were adjusted using the Breslow's method. The proportional hazard assumption was assessed by Schoenfeld residuals test. For most analyses, the proportional hazard assumption is valid. Analyses were performed in R. Considering the high number of variables and groups within the variables, probability values lower than one in a hundred (0.01) were used to assign statistical significance. 
Results
Patterns of care
Surgical treatment
Radiotherapy
Women aged 70 or older were less likely to have RT compared to women aged 50-70 (p=0.006). Use of RT after BCS increased with grade of DCIS (p<0.001), DCIS size (p<0.001), the presence of microinvasion (p<0.001) and comedo necrosis (p<0.001), but not with margin width (Table 1) , confirmed by multivariable analysis (result not shown). RT was administered after mastectomy in 33
(1%) women, as previously reported. [12] Endocrine Therapy
Outcomes
At a median follow up of 64 months, 6.8% of women (679/9938) had a breast (DCIS or invasive) event: 451 (4.5%) were ipsilateral breast, regional or distant recurrences and 228 (2.3%) represented a re/occurrence in the contralateral breast/nodes. Ipsilateral breast recurrence after BCS was 5.3%
(368/7007); ipsilateral chest wall recurrence after mastectomy was 0.8% (24/2931). The risk of a further breast event did not differ by year of screening.
Recurrence following BCS
Following BCS, there was a greater risk of ipsilateral breast recurrence for those who did not have RT compared to those who had RT (p<0.001, HR=0.59: 95% CI0.53 -0.67) (no RT: 7.2% vs RT: 4.1%) ( Figure 2 ). There was a significantly lower risk of invasive ipsilateral breast recurrence (no RT: 3.8% vs RT: Women who developed an invasive breast recurrence had a significantly worse overall survival (log rank p-value <0.001) and breast cancer specific survival (log rank p-value<0.001) from the time of the further event compared with those who developed recurrent DCIS ( Figure 3 ) (supplementary figure   1 ).
Discussion
This study of 9938 women with DCIS detected through the UK NHSBSP confirms that recurrent DCIS or invasive cancer remains a concern following modern management of screen-detected DCIS. Both RT and endocrine therapy were associated with a reduction in further events but not with breast cancer mortality within 5 years of diagnosis. The present prospective cohort study contrasts with recent but retrospective studies of US [3, 4] and European data. [13] Unlike those series, we report prospectively collected data from the setting of an established national breast screening programme, with built in quality assurance of imaging, surgery, pathology and RT. [11, 14] An additional major strength, in contrast to other studies including the randomised clinical trials, is the prospective collection of margin status, an area of significant international controversy. In addition, available data include the use of endocrine therapy with linkage to outcomes. [3, 4] Conversely, one limitation of the present study, in keeping with the recently published retrospective series [3] [4] [5] 13 ] is its observational nature with the consequent difficulty in accounting for all possible confounders. Follow up is also relatively short in the context of the long natural history of DCIS.
RT following BCS was associated with a significant reduction in all ipsilateral breast further events (DCIS or invasive) at a median follow up of 64 months. The association of RT with reduced recurrence risk is consistent with the effects seen in the overview of the prospective randomized trials. [15] Significantly, however, in the present study, the reduction of breast recurrence associated with RT was independent of margin of excision. Differing minimum margin widths for DCIS have been proposed [16, 17] . One recent series has suggested that a 1mm margin may be sufficient, with or without RT [18] . Others have suggested that those with margin widths <1mm may benefit from postoperative radiation therapy whilst those with >10mm margins receive no benefit with regard to recurrence. [19] However, specifically for women who did not receive RT, in this series there was an association between a DCIS margin of <2mm and ipsilateral breast recurrence. This provides direct evidence in support of more recent reviews, meta-analysis and consensus guidelines [20, 21] as well as recent studies [22] .
The higher all-cause mortality in patients not receiving RT after BCS is likely to reflect comorbidities not captured in the current study. Nevertheless, patients not receiving RT had a higher (7.2%) breast recurrence rate, confirming patient selection for RT could be improved. [23] Endocrine therapy was associated with a non-significant reduction in ipsilateral breast recurrence independent of RT, although the greatest effect was seen for the reduction of invasive further events in the absence of RT. In a contemporary analysis of the US retrospective National Cancer Data Base (70% of the US population), 36.5% of women (most commonly between 50 and 59 years of age) received adjuvant endocrine therapy for DCIS [24] compared with 12.2% in this UK-based study, and no-one in a cohort in the Netherlands [13] , reflecting the inconsistent interpretation of evidence from trials examining the impact of endocrine therapy for DCIS on local recurrence, the associated toxicities and issues of adherence to adjuvant tamoxifen treatment.
Significantly, neither the use of RT, endocrine therapy, nor type of surgery, appeared to influence breast cancer mortality, although women who developed invasive ipsilateral breast cancer had a poorer survival than those who had DCIS recurrence. Indeed, breast cancer mortality (0.46%) was a fifth of other cause mortality, in keeping with several retrospective studies. [3. 4, 13] The increasing incidence of DCIS, likely to be sustained with the enhanced visualisation that digital mammography provides, now deployed in the UK NHS BSP, emphasises the potential for overtreatment of women diagnosed though breast screening. [1, 25] Since digital mammography was not deployed during the time of data collection for this study, the impact of digital mammography and any influences on the data reported here remain uncertain. However, the present study findings do re-emphasise the issue of potential overtreatment of DCIS and the need to improve the selection of adjuvant therapy for women with DCIS. This requires a greater understanding of the underlying biology of DCIS, on reliable predictive and prognostic assessment, particularly to select women at risk of invasive breast cancer recurrence. Predictive models of ipsilateral breast recurrence after DCIS, and a more recent prognostic score for DCIS for RT benefit, require prospective validation if they are to be widely adopted. [ RISk DCIS (LORIS) trial in the UK, COMET in the USA and LORD in mainland Europe [31] [32] [33] seek to identify a cohort of patients with sufficiently low risk to obviate the need for surgical excision.
Conclusions
This large prospective cohort study allows us to examine, in contemporary practice, the effects of present-day treatments, and the patient and pathological features that have previously been described in retrospective studies and randomised clinical trials. The reduction in recurrence rates seen with the use of RT and endocrine therapy has not, to date, yielded a survival benefit to patients, although other-cause mortality is five times greater than that attributable to breast cancer. Ipsilateral breast recurrence risk is, however, higher in patients treated by BCS without RT, particularly if the radial excision margin is narrow (<2mm). Women with recurrence as invasive disease have poorer survival than those with recurrent DCIS and further research targeting clinical, biological and imaging biomarkers of risk of invasive recurrence after a diagnosis of screen-detected DCIS is indicated, to improve personalisation of therapy and outcomes.
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